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NATIONAL ADVISORY COMMITTEE ¥OR AFRONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
FLIGHT MEASUREMENTS OF THE EFFECTS OF A WING LEADING-EDGE SLOT
AND OTHER MODIFICATIONS ON THE STABILITY, MAXIMUM LIFT, AND
HIGH SPEED OF AN OBSERVATION AIRPLANE

By William N. Turner and Betty Adams

SUMMARY

Stability, maximum 1ift, and high-speed tests were made of an
observation alrplane fitted with Maxwell leading-edge slots.

Static and dynamic longitudinal and lateral stability was, in
general, satisfactory and was little affected by the slots.

Maximum 1ift coefficients with power off were low due to early
stalling at the center section. The Maxwell slots as installed
reduced the maximum 1ift aveilable by aggravating the center-section
stall. Extending the slots all the way to the fuselage eliminated
the detrimental effect, but the increase in 1ift over the slot~closed
condition was small. Fully opening the cowl flaps eliminated a
detrimental effect of opening the hoods in the landing condition. The
stall warning, power off, was adequate, and with slots open was
excellent. The highest 1ift coefficients were obtained with power
on, bub-in thim-condition the stall warning was.poor.

INTRODUCTION

Flight tests were made to determine the maximum 1ift and
corresponding angles of attack, drag, and stability of an observa-
tion airplane equipped with Maxwell leading-edge wing slots. Various
modifications were made to the airplane in an effort to increase
the increment of maximum 1ift resulting from the Maxwell slots.

The lateral control characteristice of this airplane have been
reported in reference 1.
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DESCRIPTION OF AIRPLANZ

The test airplans 1s a two-place, single—engine, mid-wing,
cantilever monoplanc with fixed landing gear, partial span deflector—
plate flaps, combination aileron-spoiler lateral control, and
Maxwell leading—edge slots exiending from the wing tip to within
approximately 14 inches of the fusclage (figs. 1 to 4). The dimen—
gions of the airplanc are:

Wing

Area, including section projected
through fusclage. « . « & ¢« ¢ ¢ ¢« o o o+ e . 261.9 square fect

BPan, D . b v e e e e e e e e e e e e e e e e e 35.89 feet

'l

it

Taper ratio . . . . . . . ; T 1.
Section, o0t . . . . . . . - . e o e+ e« & < . . NACA 23015
Seotion, £1P  + + 4+ e e e e e e e w . . . . . NACA 23009
INCidOnCs  © v v 6 e e e e 4 e s s e e e e e e s s e e e s e 30
MALC. (fig. 5) .« . . oo . . . .. B89.5 inches
Dihedral, outer panel chord line . . . . . « « ¢« o o &« o o« 7°
Lilerons

Type e e e e e e e e e e e e e e s e ¢ e v e o+ o Frise
Area aft of hinge linc, each . « « . . « . . . . 6.7 square feet
Balance area, each . . . . « « « ¢ « o o . o .« . 2.0 square feet
Span, 6ach . . . « .+ 4 4 e v e e e e . e 31l-percent comispan

Chord, average aft of hinge
L = = 17.2-percent local
wing chord

DIOOD v v v v v o o o e e e e e e e e 29° at full flap
defloction




Speilers

Type e e e e e e s e

Area, each e e e e e e e
Span . .

Chord, average . .« « « + o« &

Flaps

Type « « ¢« « « &

Area aft of hinge line, each .

Span, each . . . . . . . .

Chord aft of hings line,
average

Slots

Type

Sparn, cach .

Chord, average . . . .
Horizontal tail:

Span e e e < e e

Totecl area & . . .+ . . . .

Elevator area aft of hinge line

Elevator balance area . .

« « + +« + + . Ventilated and
paddle balanced

e « + . 4.98 square feet
4kl-percent semispan

10-percent local
wing chord

Slotted deflector—plate, spring—
loaded to automatically decrcase

deflection at the higher loads
. 17.5 squarc feet

. 5Sl-percent semispan

23-percent local wing chord

e e e e e e Maxwell
. . 69-percent semispan

15-percont local wing chord

17.17 feet
. « . . 58.6 square foct
. . 24,0 square feet

. . . 1.83 square Teet

Distance of clevator hinge linc from

wing leading edge . .

Incidence . . .

e v e e s e o o o 20.7 foet

~0
e o o e s e e s 2 e e c



Vertical tail

Span (height above fuselage) . . . . . . « « . « . . . 5.25 feet
Total area e e e e e e e e e e e e e e 22.0 square feet
Rudder area aft of hinge lire . . . . . . . . 11.5 square feet

Rudder balance area . . « +« + « « « « . « « . 1.18 square feet
OFfS6% v v v + v e o v v v e v« v . . 29 leading edge leoft

Distance of rudder hinge line
from wing leading edge . . . - + « « « ¢ « « + « « + 19.0 feet

Engine

Type e e e e e e e e e e e e e e e e e e e e e e .. R93550

Rating, take—off . . . . . . . . . . 450 bhp at 2300 rpm and
35.5 inches Hg. at sea level

Rating, normal e e e e e e e 400 php at 220C rpm at sea
level and 5500 feet

Gear ratio e e e e e e e e e e e e e e e e e Direct drive

Carburetor i e e e e v e« « < < . .Automatic mixture control,
type NA-R9C2

Fuel e e e e e e e e e e e e e e e e e e 92 octane

Maximum rpm 1imit . . . . . . . o 0 e e e e e e e e e 2860

Propeller

Type: Two-blade, constant—speed

DIialetoT « o v o e b e e e e e e e e e e e e e 8.50 feet
Moximum blade angle YANES « « « v v v e e e e e a e e e 15°
Index setting . . « ¢+ ¢ ¢ ¢ < 4 . e . o0 gt 42-in. station

High-pitch stop . « « + v « v o o . . . . 22° at k2-in. station

Low-pitch stop . . . v v v v v v v . .. 9%at 4o-in. station




Plan and section views of the high—1ift devices and control
surfaces are shown in figures 6 to 10.

Modifications made to the airplane during the coursz of the
tests were:

Modification 1.~ Auxiliary slats were mounted ahcad and above
the normal leading edge of the wing root, overlapping the
inboard end of the original Maxwell slot awrangement by
about an inch (fig. 11).

Modification 2,—~ A fixed slot of the same contour as the
Maxwell slot when open was constructed in the leading edge
of the wing rcot between the fuselage and the inboard end
of the original Maxwell slot (fig. 12).

Modification 3.~ In addition to the slot extensions, the wing
walkway was covered with fabric, filled, sandpspered smooth,
and doped.

Modification 4.~ In addition to the slot extensions, expanding
wing-root fillets (fig. 13) were installed. The fillets
started with approximately zero radius at the slot exten—
sion 1lip and expanded to a radius approximately cqual to
the width of the wing walkway at the trailing ecdge of the
wing proper. From there the fillet wag gradually faired
back into the fuselage. The uncovered part of the wing
walkway was in its original rough condition.

Modification 5.— The fillets were the seme as in modification 4.
The slot extensions, however, were replaced by the original
wing—root leading edges.

Mogification 6.— Air flow through the flap gap wes.prevented
by sealing the lower surface with a strip of fabric.

APPARATUS

NACA instruments were used to record photozraphicelly as a
function of time the following varisbles: . Irspeed, normal and
longitudinal acceleration, rolling velocity, control position, stick
force, flap position, change in altitude (statoscope), longitudinal
inclination, and angle of sideslip.



Indicating instruments already in the airplane were used in
observing pressure altitude, free air temperature, engine rpm,
nanifold pressure, and quantity of fuel carried.

For the drag tests only, where accurate comparisons of power
were neccssary, a total-pressure tube was placed in the slipstream
(fig. 14) and connected to one side of an : i.zvced Indicator in the
cockpit. The other side of the meter was connected to the free—
strecam total pressure from the pitot head on the boom. The meter
readings of this installation were then calibratod in terms of brake
horsepower. The calibration was made on a_single flight at a
constant rpm and at several air gpeeds. The power was determined
from observations of manifold pressurc, rpm, altitude, temperature,
and the calibration for the R-985-50 engine. By this method, the
power determinations were made withoul recourse to the manifold—
pressure goge and so were not influenced by unpredictable changes
in power output for a given manifold pressure. Even though the
power actually dcveloped on the calibration flight may have been
differcnt from that shown on tho stenderd engine calibration curves,
the error was consistently carried through the subsequent tcst
flights.

An »irsvesd hoad vaned and pivoted so cs to aline itself with
the relative wind in pitch, but not in yaw, was mounted on a boom
near the left wing tip approximotely one chord length ahead of the
leading cdge. The installation was calibrated in flight with a
trailing bomb.

A yaw head was mounted on a boom near the right wing tip
approximately onc chord length azhead of the leading edge.

- A two—clement elevotor and rudder comtrol-position recorder was
installed in the tail and attached dirccetly to the control surface
torque tubes. A two—elcment lateral sticlk—position and flap—position
recorder was instolled between the cockpits, the stick—position
element being cennected to the upper right side of the ailercn—
spoiler change—over unit, and the flep position recorder being
connected to the right~hand socction of the flap torgue tube.

A two—cloment control-position recorder was also installed
in cach wing and comnected dircctly to cach ailercn and spoiler.

, Calibrations of the control surface doflections in terms of
tho cockpit control positions are shown in figures 13 to 27. As
precliminary teste showed the most effective slot opening to be
1.5 porcent of the local wing chord, no intecrmecdiate positions or




linkage changes were used in the present tests, the slot gop for
the slot—open tests being that shown for 30 turns in figure 27.

In flight, it was found that the loads on the slot caused it to
open the equivalent of approximately thres crank turns more than
when unloaded. For this reason, about 27 turne were uscd to fully
open the slots in flight.

TESTS, RESULTS, AND DISCUSSION
. Stebility

The longitudinal and latercl stcbility wes checked with the

airplanc in the original condition before any tests were mede for
maximum 1ift.

Characteristics of the uncontrolled longitudinel motion.— The
cheracteristics of the uncontrolled short period longitudinal
ogcillation were measured with the centor of gravity ot approxi-
mately 26.3 percont mean aerodymamic chord and both hoods closed in
the following flight conditions:

Power T Flop : | Approximatc
control Slot Cowl speed range,
bhp | rpm setting ’ flaps mph
of £ up clesed | closed 66 — 164
of f ; up open closed 54 — 110
of f | full down | closed | closed 60 — 121
of f i full down open | closed 60 — 103
level i up closed | closed 84 ~ 164
level i up open closed 79 — 103
level ! full down closed open 7T -121
level i full down open open 87 - 110
345 | 2300 | up closged open 70 — 146
345 | 2300 | up open open 60 — 103
345 | 2300! full down closed open 72 - 115
345 [ 2300! full down open open 66 — 103

Where "level" power is referred to in this report it means
power requred for level flight.



The resulta may be sumarized as follows:

1. 'The variation of normal acceleration with time alweys
damped out completely 1ln less than one cycle.

2. In a fow instances, the rccords of elevator angle showed
oscillations of approximately 1-1/2 cycles, elthough tho last half-—
cycle was of very smoll amplitude. These instances always occurred
near the lowest trim speed with either flaps down, slots open, or
both, and with little or no power being applied.

3. During runs with the flcps down, the flap position usually
changed slightly; the change, however, wac not of cn oscillatory
no.ture. '

It is evident, therefore, that the requiroments of reference 2
wore met in most instances; the few control oscillations of more
than onc cycle had no apparent effect on the flying qualitics.

Characteristics in steed: straight flight.— The charactoristics
of the airplane in stendy, straight flight with the conter of gravity
at epproximotely 26.3 percont mean cerodynamic chord and the hoods

closed were measurcd in the following flight conditions:

Pover Flap i Approxinote
control Slot Cowl specd range,
bhp { rpm setting Tlaps rph
off up closed | closed T4 — 149
off up open closod 72 — 142
off full down clogsod | closed 61 — 105
of f full down open closed 62 — 1Ch
level up closed ! clcsed 66 — 160
lovel up open | closed 59 — 1h2
level full down closed cpen W7 - 106
lovel full down open open Ll ~ 10k
345 | 2300 up closed open 63 — 158
45 | 2300 up open open 5 — 143
3435 | 2300 full down closcd opcn L5 — 104
345 | 2300 full dowm cpen | open 4= — 107




The results are presented in figures 28, 29, cnd 30, and may
be summerized as follows: .

1. The variation of elevator angle with zngle of cttack wes
stable for 2ll conditions of power with the flops up, cexcept with
power on at the higher speeds with the siots open, where the curves
indicate neutral stebility. With flap down at low specds, the
airplane was stable in 21l conditions, but at the higher speeds
instebility appearcd with power off, slots closed; with level—flight
power, slots open; and with full power, slots open or closed. With
power off, flaps up, a breakdown of the flow over the center section
is indicated by the sudden increase in the slopes of the curves near
stalling specd. With power off, fleps duwn, the flow breaskdown

caused pitching cscillations and the scatter of the data shown.
With slots closed, there is less indication of flow breakdown. With
power on, there ig no indication of flow breakdown in any condition.

2. The variation of gtick force with indicated airspccd shows
controi—~free stebility for all conditions exceopt with pover off,
flaps up, slots open at the higher speeds. The center-scction flow
breckdown with power off at low speeds is agein apparcnt in the
sudden increase in the stick force requir d as the stall is
approached.

3. The variation of rudder »nogition with indicated airspocd
with power on shows that approximately one—-third right rudder was
requircd to hold straight flight at minimum specd with the flaps
up, and approximately two--thirds right rudder was requircd to held
straight flight at minimum specd with the flsops down,

L. The left sideslip at low speeds with power on wos slightly
greater than at high speeds. The indication of left sideslip with
power off may have been due to position error in the yaw hend.

5. VWhen the flap control wos in the full-down position, the
flap started to float upward et en indicated air speed of about
75 milecs per hour. With powor on, full deflection was not available
above approximejely 60 miles per hour.

In generzl, it appears that the airplane was stable in the
specd range in which it is likely to be used in cach condition.
With power off, the cbrupt increase in elevator angle and stick
force near the stoll constituted an excellent stall wnrnlng The
early center—section stall, however, defcated to a certoin extont
the purposc of the high-l1lift devices incor p01uued 1r the wiag With
the center—of—gravity position used in the stobility tests, it was
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not possible to obtein a complete stall with the slots open and the
stick full becck in either the flaps—up or flaps-down condition with
power off. This charzcteristic wns opporently due to the deterioro—
tion of longitudinzl control caused by the center—scctlon flow break—
down with the resultant decrecase in downwash angie and relative
dynamic pressurc at the teil., EHeavy buffeting was prescnt at

minimum spced in thiscondition. With the slots closed, or with

power on in any condition, no difficulty was encountered in obtoin—
ing & complete stall.

Characteristics of the uncontrolled lateral motion.-- The
charecteristics of the uncontrolled lateral motion of the nirplane
when disturbed from steady flight were messured with the center of
gravity at 26.3 percent mean serodynamic chord end the hoods closed
in the following flight conditions:

Power Flep Approximate
Cowl control Slot gpecd Tange,
bhp rom flaps | setting mph

of 7 closcd up closed 83 -~ 160
of f closed up open 88 - 162
of f closed full down |closed | = 85 — 10k4
off clogcd full down | ocpen |- 88 — 10k
level 3/L open up  |closed 71 — 157
lovel 3/4 open un opan 93 — 147
level 3/4 open full down |closed Eh — 105
levol 3/ open full down | open 63 ~ 105
335 {2200 open up closcd 90 — 167
345 12200 open up open 71 — 168
330 | 2200 open full down |closed 63 — 105
i 330 | 2200 open full down open 7L -~ 102

"he tcste werc mede by trimming the airplanc at each test speed,
abruptly epplying rudder and aileron to produce a slip, releasing
2ll controls, and rccording the resultant motion of the airplanc
and controls.

The results are plotted in figurcs 31 to 34 ond may bo summorized
cg follove:

1. The period of the control-free laterrl oscillation varied
botweon 2 cnd 6 seconds and generally decreased with increasing air-
gpecd.
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2. The oscillation always deamped to one-holf amplitude in
less than two cycles, thus meeting the requirement of reference 2.
The damping was greatest at low specds.

3. In no instonce wore the controls themselves observed to
oscillate for more than one cycle, which also satisfies the
reguirements of reference 2.

The spiraling tendencies of the alrplane were noted by the
pillot during the previously mentioned tests of the control-free
longitudinal motion. The spiral stobility of an airplane has
generally been considered to have little bearing on the flying or
handling qualities of an airplane (refercnce 2). As a spirally
steble airplane is, however, considerably easier to fly on instru—
ments, the pilot's notes on this subject are surmarized as follows:

1. Flaps up, slots closed. No immediate tendency to spiral
in any power condition, ' ’

2. Flaps down, slots closed. No spiral power off; left or
right spiral with power for level flight; pronounced tendency
toward left spiral at U5 knots, right spiral at 85 knots, and
spiral either way at intermedizte speeds with full power on.

3. Fleps up, slots open. No spiral with power off or level
flight power; left or right spirel at 50 knots, right spiral at
60 knots, eventual right spiral at 75 knots, no irmediatc spiral
at 90 or 110 knots with full power on.

4, Flaps down, slots open. No immediate spiral power off;
spiral eithor way up to 70 knots, no spiral at 85 knots with level
flight power; left or right spiral at 50 or 60 knots, no spiral at
70 or 85 knots with full power on.

Charactoristics in steady sideslipping flight.—- The character—
istics of the airplone in stecdy sideslipping flight wers moasured
In the following conditions with the center of gravity at 26.3 percent
of the mean asrodynomic chord:
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. Power Flop | | Indicated specd

|—— =  Cowl control ! Slot | Houls tested, mph
bhpi _rom flops) setting | approxinmate
of f closcd up ) closed | closed | 86, 120, 166
of f closed up open | closed | 86, 102, 133
off clogcd 1/3 closed | closed | T9, 98, 126
off cloged 1/3 cpen | closed | 75, 98, 126
of f closcd| full down ; closed | closed | 75, 85, 102
off closod| full down| opon | closed ! Tk, 85, 102
of f closed| full down | open open 76, &5, 101
340§ 2300 open up closed | closed | Tk, 123, 166
340! 2300 open up open | closed | 68, 105, 135
340 | 2300 open 1/3 closed | closed | 73, 100, 126
340 | 2300 open 1/3 open | closed | 63, 98, 126
340 | 2300 open | full down | cloased | closed | 66, 85, 101
340 | 2300 open | full down | open | closed | 60, 86, 103
340 | 2300 cpcn‘JAfull down | opon open 6o, 8h4, 101

The results of the mensurcments ore shown in figures 35 to 48
and nay be sumiorized as follows: :

1. In general, the voriation of cross-wind force with angle
of sideslip wos such that increasing rizht bank accomponicd
increnging right sideslip, and vice versa, os required in refercnce 2.
(In steady sideslips, the cross-wind force on an airplans varies
directly as the angle of bank (refercnce 2). A large veriation of
angle of bonk with angle of sideslip enasbles a pilot to judge his
angle of sideslip casily.) In certain conditions at low specd,
however, the variotion of bank with slip was neutral at emell angles
of slip or slightly negative in right sideslips (figs. 37, 39, 40,
42, 43, 4, 435). Opening the slot or deflecting the flop had no
pronounced or consistent effect. As usual, thoe cross-wind force
with power on cxcecded thot with power off.

2. The rolling moment duo to sideslip with stick fixed (es
indicated by the variation of lateral stick position with angle of
sidoslip) tended to restors the alrplone to its original attitudo
for all conditions except with flap full down, power on, in right
sidcslips, eapccially ot low speed. The variaotion with slot
position, flap position, power, and specd wos small cxcept for the
casc noted above.

The rolling moment duc to sideslip with stick free (as indicated
by the variation of latercl stick force with angle of sidoslip)
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varicd considerably with the several airplane conformotions. In all
the lowest speed conditions the stick-free laterol stebility was low,
and in right sideoslips a force reversal scmelimes cccurred, especially
with flaps down, power on. In general, the stick—free stability

was lowest with the flaps one—third down. With flaps full down, the
stick-force variation was large for small angles of slip, but small
for large angles.

3. The variation of yawing moment due to sideslip, as given
by the variation of rudder angle with angle of sideslip, was cons&de:ed
adequate in all conditions, in that the rudder angle was approximately
proportional to the sideslip angle and no decrease in the slope of
the curves at small angles of yaw was observed. The slope increased -
»rogressively with flap deflection, but ckhanges with slot position
o1 power were negligible, except with flaps full down, where a
small increase in slope resulted on application of power. At
large angles of right sideslip, especially with power on, a rudder—
force reversal noted by the pilots indicated tail stalling and
rudder-Lfree instability.

4, The pitching moment due to sideslip (as indicated by the
variation of elevator angle and elevator stick force with angle of
sideslip) was generally small. Only 2t the lowest speeds with flap
up, power on, slots closed o open, and with flaps one—third down,
power on, slots upen, did the elevator angle for balance move more
than the maximm allowance as given in reference 2, 1° for 5° rudder
movement from trim.

5. Figures 49 to 51 give an indication of the stretch in the
control system that occurred in the sideslips and enables actual
control surface pcsition tec be determined for the stick positions
shown in figures 35 to 48. The control positions shown were
measured by the control position recorders in tie wings.

Maximum Lift

Extensive measurements were made of the maximum 1ift of the
airplane in various conformations and with several modifications.
The data are presented in tables I to VII. Blank spaces left Ln
the tables indicate that date were not chbitained, or that the
particular configuration was not tested

In crder to make it possible to stall the airplane in all
conditlions, the center of gravity was moved back to approximately
32.5 percent cf the mean asrodynamic chord. No measurements of
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- stebility were made in this condition, but the pilots had no
difficulty in flying the airplanc.

The maximum 1ift coefficient was calculated from the data by
means of the following formule:

cp, = Hcos€ AR (1)
as
where
W welght, pounds
6 - flight-path angle
AR resultant acceleration, g's
q dynamic pressure, pounds per squarc foot
S wing area, square feetl

In determining the weight, allowancc was made for the fuel used.
The flight-path angle was determined from the vertical velocity
(measured with a statoscope) and the velocity along the flight path
(true speecd dotermined from records of indicated :«irsmccd and notes
of pressurc altitude and freo air temperature) .

If it had been possible to take all records in perfectly steady
flight, the AR term (resultant acceleration in g's) could have beon
omitted from formula (1). In this airplane, howover, the early
center-gection stall usuvally made it difficult for the pilot to hold
absolutely steady flight at minimum speed. Introduction of the AR
term in the Formule involves the assumption that the resultant
acceloration is vertical; omitting the torm altogethor resulted in
considorably morce scatter of the data and a tendency toward opti-—
mistic valucs of the maximum 1ift,

Tho angle of attack wes determined from the flight—path angle
and tho inclination of the airplene ag determined by a recording
inclinometor. he anglcs of attock shown in the tables are rofcrred
to the wing chord line. When necessary, the rcadings of the inclino-
meter were corrected for horizontal acceleration. Becausc of the
buffeting and uncertain point of stall, the angles of attaclk shown
should be considered only approximate; they may be relied upon, how—
ever, to show the trend from one condition to another.
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Assuming a landing of zero vertical velocity and one g
vertical accecleration, stalling spoeds for landings were computed
from the maximum 1ift coefficients by the following Tormula:

Vippn = VW/0.0025 Clp.y . (2)

The weight was taken as L4800 pounds.

Elevator angles =t the stall, as with the angles of attack,
should be taken as only approximate.

Observations of the stalling characteristics were made by an
observer in the rear seat with the aid of tufts on the inbozrd half
of the wing.

The results of the maeximum 1ift reasuremsnts are discussed for
each modification.

Maximum 1ift in the original condltion.— As shown by teble I,
the maximum lift coefficients obtained with power off were low and
opening the slot had a detrimental effect. Opening the hoods or
cowl flaps had verying effects, depending on the flap and slot
position. In the landing condition (flaps down, hoods open), the
highest 1ift coofficient was obtained with the cowl flaps open.

The decreoased maximum 1ift cocfficient with the slots open
was probably due to 2 change in span load distribution which tonded
to load up the unslotted conter section more with slots open than
with slots closed for a given over-all 1lift coefficient. Once
the center scction stalled completely, little or no benefit was
gained by increasing the angle of attack further. It appeared that
the cxpected added 1ift on the outboard scetions of the wing was
offsct by the outward sprcad of the stall.

The power—off stall warning with the slots clogsed was con—
gsidered adequate, as moderate buffeting preceded the roll-off.
The power—off stall warning with the slots open wes excellent as
hecavy buffeting set in end a rolling and pitching oscillation
dcveloped, with no uncontrollable roll—off.

Tests were made with various amounts of power, slots opon and
closed, with flaps down and hoods and cowl flaps open. The results
arc shown in Tigure 52. It is scen that even a small amount cf
power (approx. 100 bhp) increascd the maximun 1ift coefficient by
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about 0.5, Tests with epproximately 300 brake horsepower at 2200 rpm
for several configurations (table I) showed an increase in maximum
1ift coefficient of 0.96 to 1.30 over the power—off value. These
increases appsar to have been due to both the direct forces on the
propeller and the elimination of the center-sectlon stall.

According to reference 3, the lift due to power is a direct
function of the thrust, and where there is no premature stalling
at the center section, the added lift should be numerically equal
to the thrust. The maximum lift coefficient can therefors be

expresged as follows:

CLmaJc = CLl + CL2 + kT,

where
Cr, maximum power-—off 1lift coefficient

CLo increment of 1lift coefficient dvue to elimination of
center—-ssction stall

k a constant (unity, according to reference 32)

T, thrust coefficient based on dynamic pressurs and wing
area (T/qS)

Using the data shown in figure 52, the value of Xk for this alir—
plane was found to be 1.0, thus showing agreement with the conclusions
of reference 3.

With the power on, the wing always stalled nsar the tip, the
airplane rolling left or right depending on the slct position. No
warning was apparent in the form of buffeting, but the attitude
angle was high (20° to 25°). Although the eirplane was descending
at the time of stall even at the higher powers, it was found impossi-
ble to make landings with high power as a positive rate of climb
resulted when ncar the ground.

The measurcd increment of maximum 1ift coefficient due to
opoening the slots at any power is also shown in figure 52. The
constant incremont of 0.1l shown at all powers above approximately 80
brake horsepower could be expccted to epply with power off as well,
if the center—scction stall were ¢liminated. The reduction in stall—
ing speed corresponding to this increase in maximum 1ift is only 1 or
2 miles per hour. On this basis, the added weight and complication
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of the Maxwell slot installation could hardly be justified even
in an arrangement free of early stalling at the center section.

Maximum 1ift with modificatfon 1 (auxiliary slats).-As shown
in table IT, the addition of the suxiliary slats delayed the center—
gsection breakdown sufficiently to rause increases of up to 0.37 in
the meximum 1ift coefficient. The ¢etremental effect of opening

the slots was also eliminated, although no consistent increase in
1ift coefficient due to opening the slots was measured. As in the
original condition, in the landing conformation (flaps down, hoods
open), the lowest stalling speed was attained with the cowl flaps
open.

Maximum 1ift with modification 2 (Maxwell slot extensions).—
Extending the Maxwell slots to the fuselage offered a small increase
in maximum 1ift with the slct-open over the slot—closed condition
(table III). The lowest stalling speed with the hoods open was
obtained when the cowl flaps were open. The Maxwell slot extensions
were slightly less effective than the auxiliary slats in reducing
the stalling speed.

Maximum 1ift with modification 3 (Maxwell slot extensions with
smooth walkway).-Smcothing the wing walkways in an attempt to delay
the separation at the center section resulted in neither an improve—
ment nor a detrimental effect (table IV).

Maximum 1ift with modification 4 (Maxwell slot extensions with
wing—root fillets).~The combination of Maxwell slot extensions and
wing—root fillets produced the best improvement in power—off maximum
1ift (table V). In the landing condition, the highest 1lift coeffi-
cient (1.97) was again obtained with the cowl flaps open. Tests
made with partial cowl-flap openings in the landing condition (hoods
open, flaps down) showed that it was necessary to have them at least
three—quarters open to secure a beneficial effect.

Tests with the flap up and the slots open showed increases in
CLmax of up to 0.66 over that obtained in the original condition.

As would be expected, the power-on 1lift coefficients were ebout
the same as in the original condition,

Maximum 1ift with modification 5 (wing—root fillets only).—
With the wing-root fillets only, the greatest increases in maximum
1i1ft coefficient were 0.53 with flaps un, slots open, and 0.17 with




18

the flaps down, slots closed (table VI). As in the original condi-
tion, the stalling syeed with flaps down was lower when the slots
were closed than when tliey werecpen. As usual, when the hcods were
open in the landing condition, the highest 1ift coefficient was
obtained with the cowl flaps open.

Maximum 13ft with modification 6 (wing flap gap sealed on
lower side).~ In the flaps-down, slot-closed, power—off condition
with ths flap gap sealed on the lower surface, the maximum 1ift
coefficient was decreased by 0.02 to 0.24%, depending on the hood
and cowl-flap positions (table VII). After a few degrees of flap
movement from the full-up position, the tufts on the upper surface
changed direction so that they pointed straight in toward the
fuselage. This change did not occur with the gap unsealed, even
in the full-down position. The zlide path was steeper with the
flap gap sealed.

General discussion.— The low maximum 1lift of the test airplane
appears to have been due to an early center—section stall. This
condition was aggravated by opening the slots when they did not
extend all tle way to the fuselage.

The variation of maximum 1ift coefficlent with the position
of the hoods and cowl flaps was often largs. With flaps down, cowl
. flaps closed, opening the hoods usually resulted in a marked decrease
in the maximm 1ift available, both in the original condition and
with the various modifications. In sumo instances the decrcasc in
Clyax Wes as much as 0.31. Opening thc cowl flaps in addition,
however, would always improve end often eliminatc entirely the
adverse effect of the open hoods. his effect may have been due
.either to added turbulence in the air stream delaying the separation
from the wing root, or to a favorable change in pressurc distributlon
over the fuselage and wing-root Juncturs.

Of the several modifications tried in an attempt to improve
the maximum 1ift of the airplane, 21l succesded to a greater or
lesser extent. The combinatlion of slot extensions and wing-root
fillets produced the greatest improvement. The maximum power—off
1ift coefficient measured in this condition wa5'2(01 as compared
with 1.88 in the original condition. It is doubtful that any
simple modification would reduce the stalling spoed much below that
moasurcd in tiis condition, as in some conformations the stall was
starting farthor out on the wing, showing that the conter-section
stall (the primary cause of the low maximum lifts) was suppresscd.
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With power off, the Maxwell leading—edge slot was found to be
effective only when extended all the way to the fuselage. The use
of a Maxwell slot that did not extend all the way to the fuselage
resulted only in aggravating an inherently early center--section
stall. With the flaps down, this is also trus whether the airplane
1s equipped with fillets or not, although with flaps up the fillets
alone did effect some Improvement. Had the airplane besen one that
normally stalled firgt at the wing tips, it is possible that the
slots would have proved helpful as installed.

As the maximum 1ift was raised by progressive elimination of
the center-section stall, the stall warning in the form of buffet—
ing was decreasged.

Except when the flap gap was sealed, the stall was always
observed to start on the wing prover; tufts on the upper surface
of the slotted deflector—plate flap were never observed to fluct—
uate or reverse.

The simplest way of increasing the maximum 1ift was by the
application of pcwer; even a small amount of power delayed the
‘stall at the center section and effected a greater increase in
Ci, .. than any of the modifications tested. The main obJection

to the use of power was the fact that it eliminated the stall
varning, and power would not be available in case of engine failure.

With power on, the airplane would roll left at the stall with
the slots closed, and right with the slots open. A genoral
tendency toward high angles of right sideslip and large loss of
‘altitude was also noted in the slot-open, power—cn stalls. A time
history of a rather severe instance of this is shown in figure 53.
It appecars that the airplane started to recover from the resulting
dive at the timec the flap started rotracting due to the increased
speed.

Landing recommcndations.— Consideration of the data leads to

certain recommendations for landing the test airplane with Maxwell
loading—edge slots.

For minimum powor—off landing speed, the cowl flaps should be
kept fully open. This practice eliminated adversc effects of the
open hoods. The slots should be clesed with the unmodified airplane.
The stall warning appcarcd adequate and the maximum lift was higher
in this condition.
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It is possible that opening the original slots, which keeps the
outer wing sections unstalled to relatively high ﬁnblos of attack
(but not high *otal wing 1ift), may give imprcved lateral control
in rough—water landings with the seaplanc model when the aircraft
is bounced to an angle of attack sufficiently high to completely
stall the unslotted wing. The power—off stall warning was very
pronounced in this condition.

For absolute minimum landing speed, all the power possible
without climbing should be appllud The stell warning in this
condition is negligible.

Tho maximum angles of attack with power on, or with slots open,
povwer OfI when the center-section stall was suppressed were from
20° to 25° The normal three-point lending attitude of conventional
airplanes 1s 10° to 15°, The pilots found that practice and carc
wore necessary to perform landings at theo attitude corresponding to
meximum 1ift., ZEvidently other factors in the landing maneuver had
predomirant effccts, ag no consistont differcnce in speed bbtwoen
threo—pcint and tail-first landings wes noticed in the limits
number ¢of landing records taken. A time history of a powo“—oL¢,
three—point lending with the slot extcnsions and smooth walkway,
flaps down, slots, hoods, and cowl flaps open, is shown in figure 5h.
The recorded o ivispscd at contact was 50 miles per hour, or 1.5 miles
per hour lower than the stalling spoced Tor that condition as given
in teble IV. This difference may possibly bec accounted Tor by the
error in wircunooid reading caused by the increased static pressure
around the airplanc wheon it is close to the ground. Statoscope
rcadings madc on the ground in teke--offs showed this cerror to amount
to about 3 miles per hour for this =zirplane.

Maximum Speced and Drag

Except as noted, a2ll maximum specd results reported in this
section arc for 400 brake horuonowoL, 5500 feet dens1ty altitude,
and 4800 pounds weight.

Preliminary flights indicetecd that the slot doors would blow up
glightly in high—spscd flight, the resulting drag incrcasc causing a
reduction in meximum speed. In the prosent tests it was noted that
vibration in flight would causec tho slot-actuating crank to rotate
approximately onc-half turn from the fully-closcd position. A hook
was then arranged to hold the crank in the fully-closcd position.

A check of the high specd made with the slots thus closcd, and locked



21

closed by means of screws through the doors thomsolves, showed no
diffcerence in high spced.

It was found that installetion of the auxiliary slats reduced
the top spced of the airplane 7 miles per hour. ¢

To determine the increase in performance, if any, which would
result from preventing air flow through the flap gap, identical
flights were made by eech of three different pilots for sealed and
unsecaled flap conditions. Differences in piloting technique caused
considcrable scatter of the data, but the goneral treond scemecd to
indicate only about a 2-mile-per-hour incrcasc in lovel—flight high
speed when the flap gap was sealed. Tho maximum spoed recorded in
these tests in the normal condition was 176 miles per hour
(fig. 55). As secaling thc flap also increased the landing speed
somewhat, the effective specd range was not appreciably altered.

A measure of the drag of the unmodificd airplanc was obtained
by determining the power required for level flight in thoe follow—
ing conditions:

1. Flaps up, slots closod, hoqu closecd

2, Flaps up, slots open, hoods closcd

3. Flaps sct for 16.5° deflection, slots closed, hoods closed
4k, Flaps set for l6.7°_dcflecfion) slots open, hoods closed

Tho results are shown in figurcs 55 to 58. The large increasc
in power roquired shown when the cowl laps wore opencd may be
excessive, as the total-head meter was scen to increasc reading as
the cowl flaps were opencd. The meter was calibrated with the cowl
flaps clecged. The comparative results for the different wing, flap,
and slot conformations are, however, belicved valid.

The partial flap defloction is soen to have roduccd the power
required by about 7 percent at low speeds, but the open slots
appcar to have incroased the power required by varying amounts at
any spced oxcept porheps at the very lowest speeds with the flaps
doflected.

CONCLUDING .REMARKS

The rosults of tho tosts roported herein ore summarized as
follows: E .
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1. At tho conter—of-gravity positions tosted, the static and
dynamic longitudinal and lateral stability was, in general, satis—
factory. The slots had only minor cffects on tho stability
characteristics.

2. The low maximum 1ift coefficient of the test alrplane was
duc to an carly center-section stall. Opening the Maxwell slots
as originally installed only aggravated this condition, resulting
in still lower maximum 1ift.

3. Opcning the hoods in tho landing condition (power—off,
flaps—down) usually reduced the moximum 1ift coefficient consider—
ably. Opening the cowl flaps in addition practically eliminated
the adverse effoct of the open hoods.

L4, Extonding the slots all the way to the fuseclago climinated
their detrimental effcect on the maximum 1ift, but the decrcasc in
landing specd over the slots—closed condition was only 1 or 2 miles
per hour.

5. Wing—root fillets alone increascd the maximum 1ift to a
practical degree only in the flap-up condition. When combined with
the slot exteonsions, the fillets also caused small increases in
maximum 1ift in the flaps—down condition.

6. With the slots opon in the original condition, the power—off
stall warning in the form of buffeting and incrcased stick travel
and force near minimum speed was excollent. Tho power—off stall
warning is believed to have boen adequate in the slot—closed and the
improved slot—open conditions.

7. The highest lift coofficients were obtained with power on;
oven a small amount of power had as much or morc cffcct than any of
the modifications tricd. With thc conter-section stall eliminated,
the stall warning was poor.

8. With powor on, and with power off when the slots were
opon and the center—section stall was supprossed, the stalling
attitude was 200 to 25°, compared to 10° to 15° for the normal threo—
point landing attitude. In a limited number of actual landings, no
consistent reduction in landing spced was obtaincd by going beyond
the threc—point attitude.

9. The slots as originally installed might be useful in the
scaplane version of the airplanc during rough-water landings by
keoping thc outer wing scctions unstalled and retaining some measure




of laterel control when the airplane is bounced to an anglc of
attack high enough to stall tho whole unslotted wing., With the
slots cxtended to thc fuselage, the same feature would bc prcesent
with the added advantagc of lower available power—off landing
speeds.

10. Reducing the drag of this airplanc by sealing the flat gap
did not increasc the spoed range, as the landing spced was increcased
as well as the high speed.

11, Partiel flap deflection reduced the power required for
level flight at lov speeds, bub opening the slots increased the
drag in all conditions except at the very lowest spceds with flaps
deflected.

Ames Acronauticol Laboratory,
National Advisory Committce for Aeronzutics,
Mof'fett Field, Calif.
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TABLR V., MODIPICATION L. MAXWELL SLOT EXTENSION AND WING-ROOT PILLET

. v, @ C.0. APPROX.
£ or AT WING PO;I. RLEV.
RUNS 4800 CHORD ANGLE  PIRST PARTS OF WING BUFFETING
E AVER- LBS., NAX., N.A.8, TO 0 STALL WOPION AT STALL AND ADDITIONAL  COMMENTS
g 4 g 4 aam - cp WPH . STALL,
E g E . TAKE- .
[ n B O CLe orr +=DN
OFF UP C C C L1, 2.0 18 32.5 -6 L.INBOARD WING MED.
c 0 kh 1.?;2 0.0 19 -6 L.WING wome-Lr,  LoOR L.ROLL .
1 oc¢c Lk 1-36 2.3 17 -13 BOTH CEWT,SECTIONS MED.-EEAVY R ROLL.TEEN L
i ) .
oo Lk 1l Mo 20 - R.WING Lr. R.ROLL, THEN L.
[ 1.6 66,5 2 32 L.CENTER SECTION rr. PITCH-DN, IP EELD WILL ROLL ABRUPTLY R.
¢ o LZ} 62 2| L.CENTER SECTION MED. PTTCH-DN,WITH R,ROLL SOMETIMES
ge bbonR & : R mREmOIEnoR MO Law. e s s
¢ o . . . R.ROLL
on ¢ ¢ ¢ hi 1.8 62,5 16 -6 INBOARD L.WING LT. .
¢ o LL 1Ilol 1:8 17 iy INBOARD L. WING WORB-LT.  BIED L ROLL
3 0 C Ll 1.?6 Bl . 1 -18 REAR L.CENTER SECTION LT, L.ROLL
[ L 1.9 1.0 2 -9 BOTH WINGS NONE-LT. MILD PITCH-DX
o ¢ ¢ hh 1. 61.0 2 -28 L.CENTER SECTION MED. .RO!
¢ o Wl 2.8§ 22.3 2 2! L.CEWFER SICTION MED. E‘.{S :,:oﬁ
oc¢ Li 1.8 L o2 -2 BOTH CENTER SICTIONS HBAVY MILD PITCH-DN OR VIOLENT L.ROLL
o o LL 197 60,5 2 -12 REAR OF CENTER SECTIONS Lt. NILD L.OR R.ROLL
so0eEP TP C C C ht i:llg .5 2 -g R.wIm :3:: 8., THEN L.,THEX R,
» . - - -, THEN L.,THEN R.
l oc¢ Lk 176 L0 %0 -3 R.WING NOWE R.,THER L.,THEN R.
oo LL 179 3.5 20 -2 R.WING NOWE R.,THEN L.,THEX R.
0o ¢ ¢ i 2.18 5 .3 27 -6 R.OUTBOARD WING NONE R.ROLL.CONSIDERABLE R.SLIP
c 0 L L 2.26 56, -6 R.OUTBOARD WING NONE R.ROLL,CONSIDERABLE R.SLIP
0o ¢ by 248 52.5 5 -9 R.OUTBOARD WING NONE R.ROLL .CONSIDERABLE R.SLIP
oo L L, 2.2 8.5 25 -7 R.OUTBOARD WING NONE R.ROLL, CONSIDERABLE R.SLIP
e cs kb B B2 h 23 Lam wouE LiRoLL on prroR-DN
B B * - al =]
l 3 3 : L 2,70 1.5 zg +2 L.WING WONE MILD L.ROLL
2 1.8 20 + BOTH WINGS NOWE PITCH-DN
o0 L 4 7
o ¢ ¢ 2.88 0.0 2 -1 L.WING,THEN R. NOXE *.MOLL
c o h h 39 Es.g 23 +3 L.WING, THRN R. NONE
l o ¢ LL 2. Zo. 2 +1 L.WING, THEX R. NONE R.ROLL. MUCH R.SIDESLIP.LARGE ALTITUDE LOSS
oo Lk 3.00 9.0 2% +3 L.WING.THEN H. NOKE R.ROLL OR PTTCH-DN
womoooo, kb obE &2 - | 3 EmamRENE B o
l S UL 18 &0 = 22 BOTH CENTIR SECTIONS ¥ED. RLROLL .
0o 0% LL 1.9 6i.0 — -2 BOTH CENTER SECTIONS MED. R.OR L.ROLL
«ationas Aovisony
ComMITTEE FOR AERORSOTICS
TABLE VI. MODIPICATION 5. WING-ROOT PILLET ONLY
OPP UP C C C 1. .0 18 5 -6 L.INBOARD WING MED. R THEN R, MILD
il c o llillf 12‘-? ;25 18 250 REAR IWB'D WINGS & CENT.SECT, MED. .'u‘.:gff:nn L.
l [} L 1.3 7h.0 19 -15 BOTH CENTER SECTIORS MED. R.!
00 LL 1.3 72.0 13 - R.OUTBOARD WING MED. R.ROLL
oc 1. 8.0 2 -2 BOTH CENTER SECTIONS EEAVY PITCH-DN & WILD OSCILLATION IN ROLL & YAW
c g h ﬁ 13? Zl: 23 =2 BOTH CENTER SECTIONS HEAVY PITCH-DN & MILD OSCILLATION IN ROLL & YAW
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Pigure 3,- Detail of Maxwell slot installation, slots open,
Spoiler paddle balance is also visible flush with wing
ahead of alleron,
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Figure 12.- Lower front and upper rear views through Maxwell
slot extension,
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Figure 21.- Variation of aileron and
stick position as measured on the

the surfaces.
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spoilers with change in flap position.
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as indicated by the stick force requir

on the ground.

Filgure 24




I T a8 i 1 T e T 3T T T I 1 I 1N WS TTIT + I s T I Fit-
T 11 T 1 T 11 T T T 1 a o T f al
_‘l* I T 1 17 I T T s 'S pail he Pt
. T ! T I DR &) | ] 18}
by T T " T
: + T 1y 96 Su Y
n T T sutuny anam s wni)
[aws 1 1 . t n - I &)
i N i §E
T T ™ » 2 L P
! SURROED. XY g @ < T e
: Horihthox 3
[ AN T w I
g ! o -1 - T 4
T ; T 11
1 AN N tHy > w PP HTH TS
L o«
2 W <
1 IRSSdaE aos”2RaRaE. s 2un
T Vi T <o
{ ! i T « T
AN g yauy 4
e BRORS Bt SYmsEEE o w 13
28 val : 4] - W
. an i hww T
19 M\AT
g g J0
{H b 4
2
1Py pu s
FAH [ T 5= -
i 3 1 o
; gy g
1) T ! 41
. Phun
o ] ! .
£ 4
T -
T + jas:
I I
" 1
= - )
, b i T
H it o A I e
T By 1 1 H 4
T T JENE T T T T
1 1 1 1 . 17 X t T
+ 3 T Iy ¥ :
1Y EpOR P )b T 1
Insei ' 4
W gt T R H
T T g BB w : I I
I : trl e 2 o gl g R I ¢
T iaan g 1 T Ti t t
I 1 1 Inuas &I i HE InE SES I it 1 ]
H T T 1! i T T + T 1 T T
H 1 J i B N T
T s T T T .
T t T
_ » Ehe < say 5 83 Ssmmaatel Shaes e
I I- T 7 T I
T IR T } 1 T
Bw i "
T T i T
: :
H- H 1
1 T T ;
r£ y 4, :
gt ! iE3s SEHAs AT
. ]
I
L NSy #
I !
XY my B 1 T pon
=, ¢ 1 +
Snbe I t t T
T t 185 A ] T T
I i 1T P W T T . 1
4T 1 LT T 1
11T T 1 T T 1
i ba. Sl b 1
T b 7 .
iy i 1
NS Sma 1 H BN HEaN
Ty a8st H
1 t rngdu L
¥ T T T 1
1 I
TR T i ] ] f
t
T I 1 T T IR )
" T 1 1 3. b H 11
T T T T
T I
T T IR =
L I I 184 i
T " T T T T
1B . T it I
I T T , 81
i AT
. T PR .
T I I 1 I b
T e , It (3 T 17 s z
. 1 i 1 3 I 1 I
BEAR by ¥ di Y It 1"
47 s g o s
: I S : I Bl e o v n i -
: " T t P! SO dnwnm Inanehidde [t " 5’ o Fa I T
- I i L N T I H
) = 1 T t I : t bt .
N aN SRS Al i T I I f " T 1 ] I i t : k1
IR0 I T T 1 1 T oo id
s r H } T + e T o uREn FERt ol
- T L bt i = 1 T T T T T T :
A_ + rt 7 T _, ﬁu. + It ++ 117 M ; i " I ENS L
T t T T : T
T T T ; t f 1 f 19 T t T it t HHT! 1 ; I I I
T T t t I T T H T T P B
T 4 1
X I H il Lol - - -
’ . »

down, as indicated by the stick force required to move the

Figure 25.- Friction in the lateral control system, flaps 1/3
controls on the ground.
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Figure 26.- Friction in the lateral control system, flaps full
down, as indicated by the stick force required to move the
controls on the ground.
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center of gravity at 26.3 percent M.A.C.
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power for level flight.

Flgure 29.-

T
1
T
T

10T _:::: ansel INuaSsuEE! 11 T 1 F14 HH H
H T H 1 » Come
[ -+ 1+ —++ 14+
+ I 1]
1T . 8 B8 N1
T s g t susanbasas T
8 ANy RERRG N I
111 - I HH 1T Tk
88 ] HHE nu| A
: e o :
== [ a g A
[T ne 8 [ NEREGHE ERENR N GEN in fumas n
8 5 SESEESS NN sgam .
I HHHH T HH AR
s 1] - H B ps
T HIT T HHE Y SREAR FuSE




nww

-
fdented
ans
a8

{ s T T T T T T T T
+ t 1 +H f I 1 1 T
T T 1 n I I T
1 . t I } B2 anans BS : 4
. : 2
T = -
11T T y -
17 > o
= ) <
. oz
1 |
-
>
H o«
«
~ 4 @
HH RN o
133 T T < u
{ b 3
T uma o w
1 113 ] —w
- -
< -
1 z -
T W
1] 11 I (=
N (]
- < t T
e it 3 1]
a2 " g
28 |
11T 1F
s
Kl
. 3 ) &
a8 ¥
n g T
I ; o
5 » ;e
ang San @uw H
whs IR e
3 T t a=
b | 1] | a8
I 11
1
+ 1T
T T1r [ 1 asn
1
H 11 NRS B » SRGENERD
o 8 ] I 1
1L T
" § T
T
T : § ¥ 1t
E 31 1 4 1 -
8! x“ i1 1
u
13t ]
e
T m ut o
ﬁ 1T T 1T
1371 ¥ T 3
18 B 1 .
I 1
r T
 1W 81 114 1 { T
s eEn H 31 T
H H |
1T 1 PSRN daess HESPEGENR EERNS SHUD AN
1H 1111 T H SURpaRE EREyuS 8 1
Y 4 HH ash
LS 81 H I 117 5 vl
IR u§ 1 it 11 13 s I
% _ : ¥ _
1 1ET -+ $-+- [ H+ ] 4+ ; &l
4 - 4 ¥ ..
L
T THHHT Y 11! I AT o
1 441 = 4144 4+t 37 ¥
LT 1 5 o8
1 [
t .8 (11
B ¢ o8
188 & wll 1 11 Iuui i .
' TN T
2 8 T {1 s W1
T
{ RSgREaS
. By asgEar anr 4
HHHH DT HHHH A BERN HH
X.\,! 11 lUASEEEBE]
___—-__n—ﬂl_h\_,mw H
88 B
IS NGNEN ENREREREN]
186 S SN EES NEEE] 1 HENEE DA ISENESERE FELSE NS
I .
1 o
IHTHHAT

Test alrplane with

hoods closed dand cowl flaps open, center of gravity rat

26.3 percent M.A.C.

Figure 30.- Characteristics in steady straight flight with
approximately 345 bhp at 2300 rpm.




7T T AN NENINEEASE SRSV RNES T
T azsass: T asseassassiass sassssszsssanisnsisds ssgsses sacanssnss sectansans asdasty ;
H
s
1 H »
T T 1 e (%] }
T H -
nam ang H -
1 + 1 151 > S
1 I l 18 2
T T T H~ -
T [Jo =
} " e
» 5 -«
H> w [
I 3 < pri
ujse _ «
L e K .
wsu . H m PFENH
sggussdnss o8
enaE, B i¢ H E S I H an
Subnassans marl 1 w fro
m; ST - H w
+ ThH H et H ass s
e ] A H 11 - LA
t juEn B EDEE B r.ae T He -
T ba o ﬁ T 1 2 AN
) 1 = X O 3 EHEHE
T Lo 1 © ]
+ o e 1 o [HE a8
! : i H s HH s s
: TH .
: : naus! nsas y
T f ! 1
T I bus 1 4
t T T 1 L 1
i it : " T h 1
H , } 1t 1 " + 1
e - " ) 180 3
+ T s
SS2E T ! . tH
munm ! i ! : 1 1 an
ot - pe? 8 s
- 111 TN + e Riasss
HH 4 o 1
AmsmpeasE = . 5 u "aaaEwat T t L ] : ; : - i
aau T 0 } + " T 1 1 T aw
+ ot t it T . + L
1 135 1T HH ios: + ? 1 : 1 1 T Hit T i
- T I ' & &% T I I
! - NHH } t ju u i T X HH 1
Bea T ') H-H
T H ] : ! t ; FH
sua! R e Es . ! 1 HH
i -H ) { M
M HH o T j i " naw
' 1) T T
nea; : - 11
i + 8% rasasas
Ssam . ui s
: + n T
iz HAH
[ H NSS!
uma + " HH
s " 1 na: 1 T
@ o 1 : =
H o= +H HH 1 ] 1 1 ;
aneas R 3 T T ¥
[ o 3 18 e
H B HH anpl nas; | neus Ry
w s i1
t a A
suem ' s
L T n
™ T 1]
: : T
aass t T
+
T T
unsa + ’t I L
auew 1 T ]
-s T
Bune " " . o +
Inssnnes: 1 yor tt o t t 1 I
_ Sl Sttt = 2 ! :
. ans AmE BRENY : T
- SE8S SREaEa T T T I 1 I - HH +
t ] - + L
= 4
" T T s
mmw.m 1 . Bameane + " I 1 0 1
-+ 4 EEaE aaa t s t T T yui Tt T 1
- 1 : - : : 1
T - ) - ReaibuEs sasas ol
, - + T
- y— amaa: = = +
aus o T T "
aus o 1 1 : . . t T i -
¥ T + o jas 1 ] i [
& t %% = ann I H , 1 1 I I t i T mru
ases L B ToIT 1 IRAREBERSY N i : : ust nd s
L 1 . ¢ i 1 T e !
s T +
e = i " . o z L = n ¢ " 1
' 2

center of

the lateral oscillations.

d slots closed,

Test airplane with flaps up an

Figure 31.- Period and damping of
gravity at 26.3 percent M.A.C.




NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS JiiiIft

tions.

la

il
center of

lots open,

s

C.

and damping of the lateral osc
laps up andé

percent M.A

e}
ith 1

igure 32.- Perio
Test airplane w
gravity at 26.3

F




percent M.A,.C.

g set full down and slots closed,

y at 26.3

Period and damping of the lateral oscillations,

Test airplane with flap
tawm

] I i 28! aga! jeess|
: T s
341 T 1 "G t pung T M
: oY e
1 1 ot 1
asas i 28! 83
i T { v
) : 1 ; T
, e hani i 1
) | T Ny R T HH
7 ! Il [ 1] -+ PESREN
k | 2
H e 2
jSes ggigesgn fusdum iSuh nEx fugy Susfus
N Il + - » D
g - I i janai e <
: t T - + 1 ozl
= 1T WN + w SADEN)|
—1 mumwn: ; ; FrySSass sessas: H us -
RISs : R e s TN q3:8
R e i + T t i3 SR H 3 <« 3
I 1 : i 1 it " 1 I o < y
N " - 1 T M @ "
- ! (RS E yRRDE S SS! : N b
31 I [DEPE R Iy Y -+
I T )N ) T H A . LA™ 44t
I 17 1 13T ,, + i b z +
it i FUOE HOR IS Suwt ¥ o w it
v [ SPRs H
i SIS t A (] = w !
i i + b " 18 nuwa Eved I ons & o - :
RagN T 1t [P t b o« - LEs
Ty : T T T It P SREES SORSE z - +
T ini joos PORS DEREN SReg 2
T i T + 3z
i5e! e 1t - EH I-Y Sans:
" ; » rani ITh O
: S ; 1 " I . -
1 i T
T 1 H
t + | i
T 1 11
I »‘ t I I
T ! :
I IB B T T T + :
ol 1 + i
t + T+ T 1
P T T It
T " . | : Tt H
b R T SR AR e t ;
i+ Y
- { - - P - Ay +-
it ESegey Sldiy 1 1 18 S
1 T : 1 5
1 i 1 b I
4 i dan : i 1
i 1 1 PO
! H THH h
+ : riab o +
+ HA FH
+t t i ! 1
ouoat ; SIS TR : inust
b ] RBEES Supse b ynda Shs! ; Eas:
b+ 1 G 1 + T
it LT Desgy nes +
T + 4 T
1 T 1 1
1T - T 258 ; 1
REeN " Naass I ’ : 1 L
1 1}
t 1 T !
T T T t T T t
)i T334 ] § T T T ¥
BN T e Il 1 1 1 1 T L 3 H
T 1 T T ) ) T T 1 t L
: A WA § T : 1 N W
: JE T :
e . 1 ik ! 1" wul I ! ;
T 1 INESS BS) I f !
+ 1 1 : 15 0 + T t i e e
£ e 4 17 i 1 I T H ) 4
T o 4 ps 1 i :
1 1 i I | H 1 + I
iy T u T ” T 1 1
T t X GWESE v §
i 1 T bni W
1 1 ;i " o
m ¢ H—
7 »
+ Y T
il 1 ! I 11
T T T T
e hu T A» : “
1 I " 1 T T ¥ T
1 1 | I L < e M L e
T T usa e 8wy s T : ! 1 ¥ wa nea
i toTTY T T I T y i LB S B ST nng
T T 11 T Y + plss e : T t yu s 1 T T s
) 1 B I e It I 1 + 1 I Tl ] 1 DS
“ )| 1T 1 + ¥ I B M M e < IN DBEE T
biods birs wes ke w: T Ee Rason ! o ! + t t t
1 - 1 Tt - 18 & :
it ! 1 vt L any — i bt - s
1 )] 1 iy 1 L I 1 - al + 14
+ + 1 t ++ - T 132353
T t 1 T 1 THt 1t =4 1Tt T
t : I T i f ui o t i
Il 1 L T H H i 1 Il 1 + T 17 3T L 1T I
T T T < IR T T T
T H I 1 I 1 i y T
L 1 & 1L I )| T e
4 T 1l
g 1 -
1T " t - : :
enu| + u; 3 o=
1 + . e LAVA T H
3 1 T L 1 1T Dl IS 0 T 1
rEmn T T 1 f =i 1 1
T 17T 1 T it N ) M + D r T 1 1 ik
1 =17 T 1 1 ut + IREE S ¥ 1 1 T T T 4
L IR L L L1 e i L ) Y 1 IFEE Rl - . b 1 I > L -

Pigure 33, -




Pigure 34.- Period and damping of the lateral osclllations.

Test airplane with flaps set full down and slots open,
center of gravity at 26.3 percent M.A.C.
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ABS:

Fower off,

center of

slots, hoods, and cowl flaps closed,

gravity at 26.3 percent M.A.C.

flaps up,

Figure 35.- Characteristics in steady sideslips.
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